














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Rows,	Columns,	Collisions	 ü	 ü	 ü	 û	
I	Begin	Where	You	End	 ü	 û	 ü	 ü	
Multi-tool	
Willow	 ü	 ü	 ü	 û	
Unquiet	 û	 ü	 ü	 ü	
Brains	Need	Bodies	Too	 û	 ü	 ü	 ü	
Typing	
Kafka-Esque	 û	 ü	 ü	 ü	
Leave	My	Room	 ü	 ü	 ü	 û	
Metaphor	
Church	Belles	 ü	 ü	 ü	 û	
Broken	Starling	 û	 û	 ü	 ü	















































































































































































































































































































































































































































































































































































































































































































Collisions	 ü	 û	 ü	 û	 û	 û	
I	Begin	Where	You	End	 ü	 ¡	 ü	 û	 û	 û	
Multi-tool	
Willow	 ü	 ü	 ü	 ü	 û	 ü	
Unquiet	 ü	 ü	 ü	 ü	 û	 ü	
Brains	Need	Bodies	
Too	 ü	 ü	 ü	 ü	 ¡	 ü	
Typing	
Kafka-Esque	 ü	 û	 ü	 û	 ü	 ¡	
Leave	My	Room	 ü	 û	 ü	 ü	 ü	 ¡	
Metaphor	
Church	Belles	 ü	 ü	 ü	 ü	 û	 û	
Broken	Starling	 ü	 ü	 ü	 ü	 û	 ¡	




































































Rows,	Columns,	Collisions	 	 	 ü	 	
I	Begin	Where	You	End	 	 	 ü	 	
Multi-tool	
Willow	 ü	 	 	 	
Unquiet	 ü	 	 	 	
Brains	Need	Bodies	Too	 ü	 	 	 	
Typing	
Kafka-Esque	 ü	 	 	 ü	
Leave	My	Room	 ü	 	 	 ü	
Metaphor	
Church	Belles	 ü	 	 	 	
Broken	Starling	 ü	 	 	 	














































































Collisions	 ü	 ü	 ü	 û	 ü	 ü	 ü	
I	Begin	Where	
You	End	 ü	 ü	 ü	 û	 ü	 ü	 ¡	
Multi-tool	
Willow	 ü	 ¡	 ¡	 ¡	 ¡	 ¡	 ¡	
Unquiet	 ü	 ¡	 ¡	 ¡	 ¡	 ¡	 ¡	
Brains	Need	
Bodies	Too	 ü	 ¡	 ¡	 ¡	 ¡	 ¡	 ¡	
Typing	
Kafka-Esque	 ¡	 ¡	 ü	 ü	 ¡	 ü	 ¡	
Leave	My	Room	 ¡	 ¡	 ü	 ü	 ¡	 ü	 ¡	
Metaphor	
Church	Belles	 ü	 ü	 ü	 ¡	 ü	 ü	 ü	
Broken	Starling	 ¡	 ü	 ¡	 ü	 ¡	 ¡	 ¡	



































































































































































































































Collisions	 ü	 ¡	 ¡	 ü	 ü	 ü	 ü	 ü	 û	
I	Begin	Where	
You	End	 ü	 ¡	 ¡	 ü	 ü	 ü	 ü	 ¡	 ¡	
Multi-tool	
Willow	 ¡	 ¡	 û	 ¡	 ¡	 ü	 ¡	 ü	 ¡	
Unquiet	 ¡	 ¡	 û	 ¡	 ¡	 ü	 û	 û	 ¡	
Brains	Need	
Bodies	Too	 ü	 ¡	 ¡	 ¡	 ¡	 ü	 û	 ¡	 ¡	
Typing	
Kafka-Esque	 ü	 ¡	 ¡	 ü	 ü	 ü	 ü	 ü	 ü	
Leave	My	Room	 ü	 ¡	 ¡	 ü	 ü	 ü	 ü	 ¡	 ¡	
Metaphor	
Church	Belles	 ¡	 ü	 ü	 ü	 û	 ü	 ¡	 ü	 ü	
Broken	Starling	 ¡	 ¡	 ü	 ¡	 ü	 ü	 ¡	 û	 ¡	












































































































































































Rows,	Columns,	Collisions	 ü	 û	 ü	 ü	 ü	
I	Begin	Where	You	End	 ü	 û	 ü	 ü	 ü	
Multi-tool	
Willow	 û	 ¡	 û	 ü	 ü	
Unquiet	 û	 û	 û	 ü	 ü	
Brains	Need	Bodies	Too	 ü	 ü	 ü	 ü	 ü	
Typing	
Kafka-Esque	 ü	 ü	 ü	 ü	 ü	
Leave	My	Room	 ü	 ü	 ü	 ¡	 ü	
Metaphor	
Church	Belles	 ü	 ¡	 ü	 ¡	 ¡	
Broken	Starling	 ¡	 ¡	 ü	 ¡	 ü	
Piece	for	Tape	 ü	 ü	 ü	 ü	 ü	
Table	7:	Comparison	of	aspects	of	aesthetic	liveness	of	the	pieces	in	the	portfolio.	
ü	=	Present	û	=	Absent	¡	=	Present	and	absent.	
	
Having	compared	the	pieces	and	system	approaches	in	terms	of	aspects	of	liveness,	
summaries	of	these	findings	and	discussions	relating	to	overall	liveness	will	be	presented	in	
Chapter	6.	
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6. Conclusions	
	
	
	
This	chapter	will	begin	by	drawing	conclusions	relating	to	the	impact	of	using	interactive	
systems	on	the	songwriting	process	and	liveness.	Section	6.2	details	further	conclusions	
related	to	the	artistic	goals	and	method	of	the	enquiry.	Finally,	recommendations	are	made	
in	6.3.	
	
	
	
	
6.1. Conclusions	arising	from	the	research	questions	
	
	
6.1.1. How	does	the	use	of	interactive	systems	impact	on	the	songwriting	process?	
	
This	section	will	discuss	the	extent	to	which	system-building	can	be	seen	as	composition;	the	
impact	on	the	overall	songwriting	process	and	strategies	for	combining	the	indeterminate	
structure	and	electronic	timbres	of	the	system	audio	with	popular	music	features	and	human	
instrumental/vocal	audio	output.	
	
	
6.1.1.1. System-building	as	composition	
	
In	4.1,	it	was	established	that	system-building	can	be	positioned	on	a	continuum	between	
tool	creation	and	composition.	The	position	on	the	continuum	will	depend	on	several	factors	
including	the	system’s	thematic	links	to	the	composition,	its	agency	over	the	composition	and	
whether	it	is	being	created	for	a	particular	composition	or	for	more	general	use.	Over	the	
course	of	the	portfolio,	system-building	was	increasingly	carried	out	within	the	context	of	a	
single	composition	rather	than	aiming	to	create	tools	for	future	compositions	or	other	users.	
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This	is	exemplified	by	comparing	the	songwriting	process	for	the	‘explorative-generative’	
pieces,	which	focused	on	tool	creation	for	multiple	compositions,	to	that	of	the	‘metaphor’	
pieces,	in	which	a	unique	system	was	created	for	each	piece.		
	
The	compositional	activities	of	system-building	can	be	categorised	as	construction	and	
configuration.	Construction	involves	creating	a	functioning	system	to	establish	a	range	of	
possible	behaviours.	Configuration	involves	controlling	the	ranges	of	these	behaviours	
through	mappings	to	human	performer	input,	a	score-follower	or	other	system	components.	
This	distinction	also	applies	to	the	incorporation	of	existing	devices	into	the	system,	as	these	
may	require	modification	(construction)	as	well	as	mapping	to	other	system	components	
(configuration).	Although	part	of	system-building,	the	creation	of	purely	functional	devices,	
system	visuals	and	device	interfaces	were	not	considered	to	be	part	of	the	songwriting	
process	and	are	therefore	not	included	in	the	model	shown	in	Figure	64.	
	
System-building	as	composition	is	perhaps	most	evident	when	direct	exploration	with	a	
system’s	capabilities	leads	to	the	generation	of	significant	compositional	ideas	that	were	not	
present	at	the	start	of	the	process.	Creating	a	system	around	a	central,	unifying	principle	
greatly	assists	with	this	by	providing	the	composer	with	an	interface	for	this	exploration.	This	
was	evident	in	the	‘explorative-generative’	pieces,	the	‘typing	pieces’,	Church	Belles	and	Piece	
for	Tape.	In	the	‘multi-tool’	pieces	and	Broken	Starling,	the	systems	comprised	of	multiple	
tools,	each	with	limited	influence	over	the	composition.	This	made	experimentation	with	the	
system	less	likely	to	significantly	impact	the	composition.	
	
	
6.1.1.2. Impact	on	the	overall	songwriting	process	
	
Sections	4.2	and	4.3	demonstrate	that	interactive	systems	can	be	used	throughout	the	
songwriting	process	(e.g.	Willow,	Leave	My	Room	and	Church	Belles)	or	be	introduced	at	any	
stage	within	it	(e.g.	I	Begin	Where	You	End,	Unquiet,	Brains	Need	Bodies	Too,	Broken	Starling	
and	Piece	for	Tape).	Interactive	systems	can	be	used	to	create	initial	song	ideas	(Leave	My	
Room	and	Church	Belles)	that	can	be	further	developed	into	a	fixed	recorded	version	using	a	
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DAW	(I	Begin	Where	You	End).	They	can	be	used	to	create	arrangement	layers	to	existing	
song	ideas	(e.g.	Unquiet,	Brains	Need	Bodies	Too	and	Piece	for	Tape)	or	used	to	create	a	live	
version	of	a	fully-written	song	(e.g.	I	Begin	Where	You	End	and	Broken	Starling).	
Implementing	the	interactive	system	at	these	later	stages	can	still	affect	the	composition.	
Ornamental	arrangement	detail	may	make	a	significant	contribution	(e.g.	Unquiet);	the	song	
might	be	extended	to	incorporate	improvisational	sections	(e.g.	Brains	Need	Bodies	Too	and	
Piece	for	Tape)	or	a	radically	different	version	may	result	(I	Begin	Where	You	End).	Their	
influence	on	the	composition	at	each	stage	can	occur	through	both	memetic	agency	and	
performative	agency	within	top-down	and	bottom-up	processes	respectively.	Examples	of	
these	influences	are	summarised	in	Table	8.	
	
Songwriting	
stage	
Bottom-up/performative	agency	 Top-down/memetic	agency	
Initial	song	
creation	
Improvisation	with	unconstrained	
system	response	
Generating	thematic	ideas	
Setting	overall	restrictions	
Arrangement	 Improvisation	with	more	constrained	
response	
Suggest	extension	to	thematic	ideas	
Suggest	possibilities	for	additional	
layers	
Performance	
/recording	
Constrained	yet	unique	response	
Implementing	mixing	techniques	
Ability	to	quickly	create	multi-track	
recordings	
Table	8:	Bottom	up	and	top-down	performative	and	memetic	agency	of	interactive	systems	at	different	stages	of	
the	songwriting	process.	
	
The	ability	to	use	interactive	systems	at	any	stage	or	all	stages	of	the	songwriting	process	
resulted	in	an	extension	to	the	model	proposed	in	4.2	to	include	system-building.	System	
construction	and	configuration	form	merge	with	the	three	existing	stages	to	become	part	of	
a	cyclical	process	from	which	a	finished	version	of	a	song	emerges.	The	extended	model	of	
the	songwriting	process	is	shown	in	Figure	64.	
	
The	incorporation	of	an	additional	stage	into	the	model	suggests	that	the	use	of	interactive	
systems	may	result	in	the	songwriting	process	taking	longer	than	with	conventional	
approaches.	This	was	particularly	the	case	when	working	with	systems	involving	guitar	and	
voice,	as	creating	and	configuring	the	system	while	playing	guitar	and	singing	was	a	
significant	multi-tasking	challenge.	Though	the	learning	curve	involved	in	programming	
software	may	also	contribute	to	lengthening	the	process,	this	can	be	offset	by	the	use	of	
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well-supported	tools	aimed	at	artists	recycling	of	system	devices,	adopting	a	modular	
approach	and	by	adapting	existing	systems	and	approaches.	The	creative	process	can	be	
further	streamlined	through	the	use	of	systems	that	intuitively	suggest	audio/visual	outputs	
and/or	through	the	use	of	the	live	instrumental/vocal	elements	to	create	audio	output.	
Perhaps	most	significantly,	the	existence	of	reliable	and	efficient	signal	analysis	tools	enables	
singer-songwriters	to	interact	with	systems	without	the	need	for	major	adaptations	to	their	
instrument	or	performance	technique.		
	
	
Figure	59:	The	songwriting	process	when	working	with	interactive	systems.	
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6.1.1.3. Combining	system	audio	output	with	popular	song	elements	
	
Despite	the	challenges	involved	in	the	use	of	interactive	systems	in	popular	songwriting	
(Bown	et	al,	2015;	Marchini	et	al,	2017),	various	strategies	were	used	to	ensure	the	
coherence	of	the	systems’	indeterminate	output	when	combined	with	the	structural,	
rhythmic	and	harmonic	features	of	singer-songwriter	material.	Detailed	in	section	4.4,	these	
can	be	summarised	as:	
	
• Adaptation	of	popular	music	features	through	improvisation	with	the	system	or	through	
the	application	of	experimental	techniques.		
• The	use	of	unifying	system	elements	such	as	repetition	and	drones.	
• The	incremental	fixing	of	the	system	outputs	using	global	(system/composition-level),	
structural	(section-level)	and	instrumental	(real-time)	constraints.	
• The	foregrounding/backgrounding	of	human/system	elements:	for	example,	creating	an	
improvisation	section	in	which	the	human	performer	follows	the	system.	
	
In	addition,	when	combining	the	audio	outputs	of	the	system	and	human	instrumental/vocal	
output,	a	balance	must	be	struck	between	maintaining	sufficient	separation	(to	avoid	con-
fusion	of	realms)	while	ensuring	an	overall	cohesiveness	to	the	composition.	In	4.5,	it	was	
proposed	that	separation	might	be	retained	by:	
	
• the	presence	of	live	instrumental/vocal	elements	with	minimal	processing,	
• the	use	of	machine-like	sounds	in	the	system	audio	output	and	
• extensive	processing	of	recorded	instrumental/vocal	elements	or	layering	with	electronic	
sounds;		
	
while	cohesiveness	might	be	established	through:	
		
• the	creation	of	perceptual	continua	by	using	instrumental/vocal	elements	in	the	system	
audio	output,	
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• the	creation	of	behavioural	links	by	mapping	of	real-time,	representational	data	from	the	
instrumental/vocal	input	to	the	system’s	audio	output	and	
• the	re-embodiment	of	sounds	through	indicative	links	to	real	objects	and	processes,	
particularly	those	related	to	the	system	and/or	the	composition.	
	
	
	
6.1.2. How	does	the	use	of	interactive	systems	in	songwriting	impact	on	liveness?	
	
This	section	draws	conclusions	from	the	comparisons	of	system	approaches	and	pieces	in	
terms	of	spatio-temporal,	corporeal,	interactive,	aesthetic	and	overall	liveness	based	on	the	
findings	in	Chapter	5.		
	
	
6.1.2.1. Impact	on	spatio-temporal	liveness	
	
Spatio-temporal	liveness	is	dependent	on	the	presentation	of	the	human	performer	and	
interactive	system	as	separate,	active	entities.	Separation	is	affected	by:	
		
• staging	considerations:	the	presence	of	system	hardware,	the	presence	of	the	system	
visuals	and	the	positioning	of	human	performer	to	suggest	collaboration	and	
• method	of	system	control:	the	avoidance	of	mounted	controllers	(on	the	guitar	or	
performer’s	body)	and	whether	the	performer	influences	the	system	directly	via	a	MIDI	
controller/computer	keyboard	or	indirectly	via	the	instrumental/vocal	audio	signal.			
	
The	‘aliveness’	of	the	system	is	demonstrated	by:		
	
• its	state	of	readiness	at	the	start	of	the	performance,	
• the	inclusion	of	errors	in	its	output	and		
• presentation	of	real-time	data	in	the	system	visuals.	
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Because	all	systems	are	staged	in	a	similar	way	in	order	to	present	the	performer	and	system	
as	partners	and	involve	visuals	based	around	machine	processes,	the	differences	in	
separation	ratings	resulted	from	whether	the	human	performer	manipulates	the	system	
directly	through	an	interface	(playing	on	the	system)	or	indirectly	through	the	
instrumental/vocal	audio	output	(playing	with	the	system).	Direct	manipulation	suggests	that	
the	system	is	a	tool	or	instrument	to	extend	the	human	performer’s	capabilities	rather	than	a	
separate	performer	with	its	own	agency.	The	different	ratings	between	Rows,	Columns,	
Collisions	and	I	Begin	Where	You	End	take	into	account	the	use	of	live	vocal	as	well	as	direct	
manipulation,	indicating	that	the	presence	of	human	instrumental/vocal	output	could	
potentially	be	considered	as	a	separate	factor.	However,	this	was	not	done	in	this	enquiry	
because	for	the	vast	majority	of	the	pieces,	the	presence	of	human	instrumental/vocal	
elements	indicates	the	use	of	signal	analysis.	
	
The	results	reveal	that	system	approaches	and	pieces	vary	considerably	in	terms	of	
‘aliveness’	cues,	reflecting	the	difficulty	of	presenting	the	systems	as	active	agents.	The	
‘multi-tool’	pieces	are	the	most	successful	due	to	the	ability	of	the	HUD	visuals	approach	to	
incorporate	‘readiness’	cues	and	real-time	performance	data.	Other	system	approaches	
could	potentially	make	of	these	aspects	of	the	HUD	approach,	though	care	would	need	to	be	
taken	in	terms	of	the	amount	of	information	being	presented	and	the	overall	aesthetic	
impact.	
	
	
6.1.2.2. Impact	on	corporeal	liveness	
	
Corporeal	liveness	is	dependent	on	both	the	overall	design	of	a	system’s	audio	and	visual	
outputs	and	how	these	outputs	are	configured	to	behave	in	performance.			
	
Factors	influencing	the	overall	design	clarity	include	the	audio-visual	approach,	appropriate	
levels	of	simplicity/complexity,	appropriate	layout	of	visual	elements	and	selection	of	audio	
outputs.	Overall,	Piece	for	Tape	is	the	most	successful	here	as:		
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• each	audio	element	is	represented	by	a	corresponding	visual	element	in	the	audio-visual	
entities	approach;		
• a	potentially	overwhelming	amount	of	visual	information	is	avoided	through	the	use	of	a	
metaphor	to	simplify	the	overall	system	design;		
• each	element	was	positioned	in	the	visuals	according	to	instrument	type	and	position	in	
the	stereo	field	and;		
• the	image	of	the	cassette	is	intuitively	linked	to	the	audio	output.	
	
In	general,	the	portfolio	pieces’	visuals	are	more	effective	in	terms	of	corporeal	liveness	when	
underlying	system	processes	are	revealed	(rather	than	just	their	results),	sound-producing	
events	are	highlighted	and	over-complexity	is	avoided	through	the	gradual	activation	of	each	
element.	Rows,	Columns,	Collisions	and	Church	Belles	were	rated	particularly	highly	here.	
Both	pieces	reveal	system	processes	that	include	non-sounding	events,	highlight	sound-
producing	events	and	involve	a	gradual	increase	in	complexity.	In	contrast,	visual	elements	of	
the	HUD	visuals	in	the	‘multi-tool’	pieces	reveal	the	results	of	processes	rather	than	
processes	themselves,	present	continuous	streams	of	recorded	audio	rather	than	discrete	
events	and	introduce	multiple	elements	at	once.	Broken	Starling	involves	the	use	of	pre-
sequenced	material	with	no	visual	representation.	Furthermore,	sound-producing	collisions	
in	the	physical	model	are	not	highlighted	visually.		
	
	
6.1.2.3. Impact	on	interactive	liveness	
	
In	section	5.3,	before	making	comparisons	according	to	interactive	liveness,	the	nature	of	the	
interactivity	within	the	portfolio	was	examined.	Pieces	and	system	approaches	demonstrate	
instrumental,	ornamental	and	conversational	interactions	(Johnston	et	al,	2008;	2009)	to	
different	extents.	The	‘explorative-generative’	and	‘typing’	pieces	tend	to	involve	
conversational	interactions,	whereas	‘multi-tool’	and	‘metaphor’	systems	exhibit	
instrumental	and	ornamental	interactions.	However,	ornamental	interactions	were	found	to	
be	bi-directional,	while	conversational	interactions	were	introduced	into	Brains	Need	Bodies	
Too	and	Piece	for	Tape	by	the	inclusion	of	improvisation	sections	and	Church	Belles	through	
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the	addition	of	the	vocoded	vocal	layer.	Church	Belles	demonstrates	a	high	level	of	
interactivity	and	suggests	that	conversational	interactions	may	take	place	over	very	short	
timescales	and	simultaneously	with	ornamental	interactions.	
	
As	well	as	considering	interactivity	between	the	human	performer	and	the	system,	the	
score’s	ability	to	both	influence	and	be	influenced	by	the	performance	meant	that	it	was	also	
considered	to	be	an	agent.	Due	to	the	impact	of	performer	confidence	on	audience	
engagement	(Gurevich	and	Fyans,	2011)	and	the	importance	of	the	performer’s	experience	
(Reich,	2002),	interactive	liveness	was	considered	from	the	performer	perspective	as	well	as	
the	audience’s.		
	
When	considering	interactive	liveness	from	the	audience	perspective,	the	inclusion	of	the	
score	as	an	interacting	agent	meant	that	strategies	such	as	revealing	sectional	triggers	
(‘multi-tool’	pieces	and	Broken	Starling),	emphasising	changes	in	system	response	at	
sectional	boundaries	(Unquiet,	Leave	My	Room	and	Church	Belles)	and	visualising	live	
recording	processes	(Willow)	are	on	a	par	with	demonstrating	conversational	interactions	
between	the	human	performer	and	the	system	(‘explorative-generative’	pieces,	‘typing’	
pieces,	Brains	Need	Bodies	Too,	Church	Belles	and	Piece	for	Tape).	However,	the	overall	
stability	in	the	systems’	behaviour	and	sparsity	of	cues	to	suggest	that	the	audio	outputs	are	
indeterminate	resulted	in	lower	ratings	for	the	‘multi-tool’	pieces.	The	pieces	strongly	
support	the	idea	that	performances	should	aim	to	create	aura	rather	than	spectacle	
(Cascone,	2002a)	by	aiming	to	create	unique	versions	(as	opposed	to	recreating	recordings)	
through	a	focus	on	the	aesthetics	of	production	(Ribas,	2014).	
	
From	the	performer	perspective,	interactive	liveness	depends	on	the	flexibility	of	the	score-
following	approach,	the	minimal	use	of	pre-sequenced	material	and	the	expressivity	of	the	
system.	Higher	ratings	on	these	dimensions	are	linked	to	related	types	of	liveness	such	as	
liveness	of	spontaneity	and	liveness	of	fidelity	(Sanden,	2013)	as	well	as	the	ability	to	create	
unique,	authentic	performances.	Lower	ratings	were	therefore	evident	in	Unquiet,	Brains	
Need	Bodies	Too	and	Broken	Starling,	which	involve	strict	score-following	processes	
controlling	significant	amounts	of	pre-sequenced	material.		
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6.1.2.4. Impact	on	aesthetic	liveness	
	
Relating	to	the	creation	of	meaning	in	performance,	aesthetic	liveness	is	dependent	on	
revealing	the	thematic	links	between	composition	and	system	elements;	the	avoidance	of	
unintended	meanings	created	through	virtual	liveness	(Sanden,	2013)	and	the	stylisation	of	
visual	elements.		
	
Thematic	links	between	the	composition	and	system	can	be	established	through	memetic	
agency	during	the	composition	process.	This	can	result	in	a	strong	sense	of	unity	to	the	
performance	and	the	impression	that	the	composition	is	about	the	system	and	the	system	is	
about	the	composition.	This	was	particularly	the	case	in	the	‘typing’	and	‘metaphor’	pieces	
due	to	the	connections	between	lyrics,	system,	structures	and	timbres	of	audio	outputs	and	
visual	outputs.	While	this	strongly	suggests	that	the	use	of	the	system	throughout	the	
composition	process	will	increase	this	unity,	the	system	approach	is	also	important.	For	
example,	the	system	did	not	inform	most	of	the	choices	of	audio	outputs	in	Rows,	Columns,	
Collisions	but	did	suggest	them	in	the	‘typing’	and	‘metaphor’	pieces.	Whether	suggested	by	
memetic	agency	or	not,	the	use	of	material	that	already	holds	meaning	for	the	composer	
may	facilitate	expression	and	therefore	meaning	creation	in	performance	on	a	subtler	level.	
Examples	of	this	include	the	use	of	found	sound	(Willow,	Kafka-Esque	and	Broken	Starling),	
the	recordings	of	tape	deck	mechanisms	in	Piece	for	Tape	and	visual	material	in	Kafka-Esque.	
	
While	virtual	liveness	may	assist	in	the	reception	of	recorded	music	(Sanden,	2013),	it	was	
considered	to	be	a	distraction	from	other	aspects	of	liveness	in	this	context.	Because	the	
overall	aim	was	to	reveal	actual	presence,	actual	causes	of	sounds	and	actual	interactions,	
virtual	liveness	was	avoided	by	maximising	the	other	aspects	of	liveness,	particularly	by	
ensuring	most	audio	elements	had	a	corresponding	visual	element.		
	
Most	of	the	visuals	were	effectively	stylised	as	suggested	by	Correia	et	al	(2017).	The	
redesigning	of	the	original	visuals	for	Willow	to	create	the	HUD	themed	visuals	demonstrates	
the	prioritising	of	this	in	the	attempt	to	achieve	the	technological	sublime	(Demers,	2010).	
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Furthermore,	the	strength	of	this	design	concept	influenced	the	composition	of	Brains	Need	
Bodies	Too	and	resulted	in	its	use	in	all	of	the	‘multi-tool’	pieces.	
	
	
6.1.2.5. Impact	on	overall	liveness	
	
Across	the	four	approaches,	the	variation	in	levels	of	the	different	types	of	liveness	strongly	
suggest	support	for	the	idea	of	networks	of	liveness	(Sanden,	2013),	where	deficiency	in	one	
aspect	can	be	made	up	for	by	another.	The	analysis	in	Chapter	5	suggest	that	nuanced	factors	
such	as	use	of	pre-sequenced	material	(Broken	Starling)	and	links	between	system	and	
composition	(Brains	Need	Bodies	Too)	have	more	impact	on	liveness	than	the	system	
approach.	
	
The	multifaceted	nature	of	each	aspect	of	liveness	suggests	possible	strategies	when	working	
with	significant	amounts	of	mediatised	material	and/or	with	systems	whose	functioning	is	
hard	to	represent	visually.	For	example,	the	liveness	of	Broken	Starling	may	have	been	
increased	through	the	presentation	of	live	performance	data	(spatio-temporal	liveness),	
additional	visual	representation	of	pre-sequenced	material	(corporeal	liveness)	and	
visualisations	of	recording	and	playback	processes	(interactive	liveness).	The	liveness	of	
Willow	and	Unquiet	may	have	been	higher	if	they	had	used	materials	and	processes	that	
linked	thematically	with	the	composition	(aesthetic	liveness).		
	
The	use	of	a	unifying	design	principle	for	both	the	system	and	the	composition	suggests	links	
between	aesthetic	liveness	and	the	other	aspects.	This	is	exemplified	by	the	use	of	the	
cassette	as	an	audio-visual	metaphor	in	Piece	for	Tape.	In	this	piece:	
	
• Spatio-temporal	liveness	was	supported	by	the	visual	presentation	of	cassettes,	which	are	
themselves	a	machine	and	therefore	separate	from	the	human	performer’s	body.	
• Corporeal	liveness	was	supported	through	the	use	of	recordings	of	cassette	deck	
mechanisms.	
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• Interactive	liveness	was	supported	by	the	relationship	of	the	recording	and	playback	
processes	to	the	themes	of	the	song.	
	
The	inclusion	of	aesthetic	liveness	allows	for	thematic	as	well	as	technological	understanding.	
It	also	suggests	a	clear	function	for	the	system	visuals:	just	as	a	well-designed	machine	
interface	helps	the	user	to	interact	with	it,	the	system	visuals	provide	a	way	for	the	audience	
to	engage	with	a	performance	through	increasing	understanding	of	both	the	system	and	the	
themes	of	the	composition.	
	
	
	
6.1.3. Links	between	the	songwriting	process	and	liveness	
	
When	working	with	interactive	systems,	the	composition	process	will	affect	the	liveness	of	
the	eventual	performance.	For	example,	during	composition,	human	and	the	machine	
elements	were	deliberately	kept	separate	to	prevent	the	con-fusion	of	realms	(Auslander,	
2000).	This	directly	relates	to	the	perception	of	human	and	system	elements	as	separate	
entities	in	performance	and	therefore	spatio-temporal	liveness.	The	strategy	of	creating	
cohesiveness	through	the	use	of	instrumental/vocal	elements	in	the	system	output	
establishes	a	connection	between	the	human	performer	and	system,	suggesting	interactive	
liveness.	Interactive	liveness	is	also	affected	by	strategies	to	ensure	coherence,	such	as	
structure-constraints	implemented	through	score-following.	Memetic	agency	is	linked	to	
corporeal	liveness	when	systems	intuitively	suggest	audio	outputs	that	indicate	a	physical	
cause	and	to	aesthetic	liveness	in	terms	of	establishing	connections	between	system	and	
composition	during	the	songwriting	process.		
	
A	more	subtle	connection	between	the	composition	process	and	liveness	is	the	use	of		
material	that	is	meaningul	to	the	songwriter	in	the	system	audio	and	visual	outputs.	While	
the	connections	to	the	composition	may	not	be	directly	observable	to	an	audience,	they	
assist	in	authentic	expression,	which	is	fundamental	in	singer-songwriter	practice	(Williams	
and	Williams,	2016).	Similar	to	the	presentation	of	code	in	live	coding,	the	audience’s	
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engagement	will	be	enhanced	by	the	sense	that	while	the	exact	meaning	of	what	they	see	
and	hear	is	unclear,	it	is	meaningful.	
	
Perhaps	the	most	significant	connection	however,	is	the	presence	of	a	central,	unifying	
design	principle.	This	results	in	an	interface	for	the	songwriter	to	directly	experiment/play	
with	the	entire	system	in	both	composition	and	performance,	while	presenting	the	audience	
with	an	intuitive	interface	to	actively	engage	with	an	interpretation	of	the	system	and	the	
composition.		
	
Similar	to	the	impact	of	the	recording	process	on	songwriting	(Hennion,	1990;	Wicke,	1990),	
designing	for	liveness	can	exert	a	strong	pull	on	the	songwriting	process.	For	example,	the	
realisation	that	strong,	real-world	connections	can	benefit	liveness	resulted	in	their	extensive	
use	throughout	the	portfolio	and	not	just	in	the	‘metaphor’	pieces.	The	high	liveness	ratings	
for	Brains	Need	Bodies	Too,	the	‘typing’	pieces,	Church	Belles	and	Piece	for	Tape	also	lend	
support	to	the	idea	that	as	well	as	providing	a	shared	point	of	understanding,	the	inclusion	of	
real-world	processes	and	allows	composers	and	audiences	to	connect	to	higher	truths	
(Xenakis,	1992;	Emmerson,	2012b).	
	
	
	
	
	 	
	 	
	
167	
6.2. General	conclusions	
	
	
6.2.1. Reflection	on	method	
	
The	four	approaches	to	interactive	systems	arose	organically	within	a	practice-based	
research	methodology.	Each	approach	informed	the	others,	guided	by	the	need	to	both	
extend	and	include	traditional	songwriting	conventions,	incorporate	system-building	into	the	
songwriting	process	and	explore	different	aspects	of	liveness.	This	process	directly	led	to	the	
inclusion	of	a	wide	range	of	styles	in	the	portfolio,	the	increasing	incorporation	of	system-
building	into	the	songwriting	process	and	different	approaches	to	demonstrating	liveness.	
	
Examples	of	links	between	the	approaches	include:	
	
• The	initial	use	of	the	‘explorative-generative’	device	in	Willow	to	establish	initial	guitar	
parts	and	vocal	phrase	lengths.	
• The	use	of	‘multi-tool’	devices	to	generate	system	audio	output	from	instrumental/vocal	
elements	in	the	‘metaphor’	pieces.	
• The	use	of	text	in	the	visuals	for	‘multi-tool’	pieces	and	Piece	for	Tape.	
• The	use	of	similar	rhythm	generation	devices	in	the	‘typing’	systems	and	Willow.	
	
	
	
6.2.2. Reflection	on	the	portfolio	
	
This	project	resulted	in	the	creation	of	ten	original	pieces	of	music	at	the	intersection	of	
popular	and	experimental	music,	that	can	be	listened	to	through	both	participatory	and	
intellectual	methods.	Table	9	details	how	the	pieces	in	the	portfolio	demonstrate	cerebral	
sensuality	through	the	presence	of	the	features	of	experimental	popular	music	mentioned	in	
1.2.2.1.		
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Features	of	
cerebral	
sensuality	
Exemplified	by…	 Connects	to…	
Order	&	
chaos	
Contrast	between	song	structures	and	
indeterminate	system	output	(throughout)	
Use	of	chaos,	algorithms	and	process	
techniques	(Hansen,	2005)	
Predictability	
&	un-
predictability	
Foregrounding	of	system	output	within	structures	
in	Brains	Need	Bodies	Too	and	Piece	for	Tape	
Simultaneous	acceptance	and	rejection	
of	stylistic	conventions	(Moore	and	
Ibrahim,	2005)	
Simplicity	and	
ambiguity	
/complexity	
Constantly-changing	melodies	in	‘typing’	pieces,	
backing	vocals	in	Church	Belles,	
multiple	tempi/phrase	lengths	in	I	Begin	Where	
You	End	and	complex	rhythms	in	‘typing’	pieces	
Melodic,	harmonic	and	rhythmic	
complexity	(Lansky,	2005;	White,	2005)	
Modernist	influence	on	lyrical	approach	
(throughout)	
Complex/abstract	lyrical	themes	
(White,	2005)	
Fixed	&	in-
determinate	
Use	of	Nanokontrol	in	‘explorative-generative’	
and	‘typing’	pieces)	and	sectional	score-following	
in	‘multi-tool’	and	‘metaphor’	pieces	
Use	of	chaos,	algorithms	and	process	
techniques	(Hansen,	2005)	
Familiarity	&	
unfamiliarity	
Extension	of	song	forms	in	Brains	Need	Bodies	
Too	and	replacing	singing	in	‘typing’	pieces	
Simultaneous	acceptance	and	rejection	
of	stylistic	conventions	(Moore	and	
Ibrahim,	2005)	
Other	
features	of	
experimental	
popular	
music	
Noise	and	found	sound	elements	of	‘explorative-
generative’	and	‘typing’	pieces	
Use	of	noise	and	found	sound	(White,	
2005)	
Instrumental/vocal	processing	in	‘multi-tool’,	
‘typing’	and	‘metaphor’	pieces	
Use	of	processing	to	substantially	alter	
the	voice	and	traditional	instruments	
(Hansen,	2005;	Demers,	2010)	
Destructive	processes	of	input-derived	effects	in	
‘multi-tool’	pieces	
Use	of	destructive	techniques	such	as	
interruption	(Moore	and	Ibrahim,	2005)	
Granular	synthesis	to	create	background	textures	
in	Willow	and	Piece	for	Tape	
Use	of	textural	and	atmospheric	layers	
(Moore	and	Ibrahim,	2005)	
Loud-soft	dynamics	in	Kafka-Esque	 Use	of	extreme	loud-soft	dynamics	
(Moore	and	Ibrahim,	2005)	
Subtly-changing	rhythmic	patterns	in	Willow	and	
Broken	Starling	and	timbral	variations	in	I	Begin	
Where	You	End	
Rhythmic	subtlety/timbral	variation	in	
the	machine	elements	(Winkler,	2001)	
Substantial	agency	by	the	system	in	composition	
(throughout)		
Use	of	electronic	technology	as	a	
compositional	tool	(White,	2005)	
Table	9:	Evidence	of	cerebral	sensuality	and	links	to	features	of	contemporary	experimental	popular	music.	
	
Consistent	with	Prior’s	(2009)	observations	on	the	influence	of	tools	over	a	composition,	the	
use	of	alternative	control	protocols	in	the	‘explorative-generative’	and	‘typing’	pieces	
resulted	in	a	more	varied,	experimental	aesthetic.	The	use	of	guitar	and	vocal	in	the	‘multi-
tool’	and	‘metaphor’	pieces	reveal	a	more	consistent	idiolect,	though	the	influence	of	the	
system	remained	significant.		
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6.2.3. Overall	conclusion	
	
This	thesis	and	accompanying	portfolio	demonstrate	how	interactive	systems	can	be	
incorporated	into	all	stages	of	the	songwriting	process.	Traditional	singer-songwriter	
practices	have	been	combined	with	experimental	real-time	techniques,	resulting	in	ten	
compositions	at	the	intersection	of	popular	and	experimental	music.	The	variety	of	system	
approaches	used	reveal	how	high	levels	liveness	can	be	achieved	in	performance	through	
focusing	on	different	aspects	of	a	network	of	liveness	(Sanden,	2013).	Rather	than	seeking	to	
recreate	an	idealised	version	of	a	work	(Cascone,	2002a),	the	interactions	between	the	
human	performer,	the	system	and	the	score	result	in	unique	versions	of	the	songs	being	
created	each	time	they	are	played.	Together	with	the	emphasis	on	revealing	system	
processes	and	compositional	themes	to	the	audience,	this	serves	the	ultimate	goal	of	
performance	in	bringing	together	the	artist,	the	work	and	the	audience	in	a	shared,	
unrepeatable	moment	in	time	(Brown,	1999).	
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6.3. Recommendations	
	
	
6.3.1. System/composition	developments	
	
As	well	as	the	suggestions	for	developing	the	individual	pieces	highlighted	in	Chapter	3,	there	
is	significant	potential	for	the	further	development	of	the	four	system	approaches.		
	
The	‘explorative-generative’	approach	resulted	in	the	creation	of	a	versatile	tool	that	could	
be	used	in	multiple	compositions,	either	as	the	main	device	or	as	part	of	a	network	of	system	
elements.	Clearer	sectional	transitions	and/or	hands-free	operation	(e.g.	to	enable	use	with	
guitar)	could	be	achieved	through	the	use	of	score-following.		
	
The	‘multi-tool’	approach	would	benefit	from	the	inclusion	of	bespoke	visual	elements	that	
better	portray	the	system	processes	and	link	to	compositional	themes.	For	example,	Willow	
might	incorporate	a	real-time	process	for	generating	cracking	patterns	found	in	ceramic	glaze	
(Wade,	2007),	linked	to	the	real-time	production	of	rhythms	and	textures.		
	
The	visuals	of	the	‘typing’	pieces	could	include	more	text	effects	(Maeda,	1998;	Lee	and	Essl,	
2016)	that	reveal	the	system’s	audio	processes	and	communicate	composition	themes.	The	
spatio-temporal,	corporeal	and	aesthetic	liveness	of	these	systems	might	be	further	
enhanced	by	replacing	the	computer	keyboard	with	a	modified	typewriter	(Lepri	and	
McPherson,	2018),	which	suggests	separation	from	the	computer	system	and	offers	the	use	
of	richer,	mechanical	sounds.		
	
As	demonstrated	by	Church	Belles	and	Broken	Starling,	a	single	metaphor	may	not	be	
sufficient	to	represent	all	of	the	system	processes	within	a	composition.	Additional	processes	
could	therefore	be	represented	visually,	perhaps	by	using	dynamic	resizing	of	visual	elements	
to	avoid	overwhelming	the	audience	with	too	much	information.	The	metaphor	approach	
also	offers	rich	ground	for	further	exploration	of	real-world	behaviours.	
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In	terms	of	more	general	system	developments,	avenues	for	future	work	include	further	
exploration	of	the	aesthetics	of	production	(Ribas,	2014)	involving	dynamic	system	behaviour	
and	composed	interactions	(discussed	in	2.2.3).	The	potential	of	the	voice	and	guitar	to	
provide	the	audio	input	for	system	response	and	function	as	a	controller	could	also	be	
further	exploited,	as	this	offers	reliable	communication	with	the	system,	connects	the	audio	
outputs	of	human	and	machine	performers	and	enables	singer-songwriters	to	perform	in	a	
familiar	way.	Finally,	the	principle	of	overall	design	unity	that	(the	connections	between	the	
system’s	functioning,	its	audio	and	visual	outputs	and	the	composition	as	discussed	in	5.4.1)	
provides	a	framework	to	facilitate	exploration	during	composition	and	maximise	liveness	in	
performance.		
	
	
6.3.2. Theoretical	developments	
	
In	terms	of	studying	the	songwriting	process,	further	work	could	involve	the	creation	and	use	
of	interactive	systems	in	collaboration	with	multiple	human	musicians	as	well	as	creating	
autonomous	machine	performers	for	robot	ensembles	such	as	Musebots	(Bown	et	al,	2015).	
Interdisciplinary	collaborations	might	also	be	studied,	for	example	working	with	games	
programmers,	computer	scientists	specialising	in	HCI	and	machine	learning,	photographers	
and	film-makers.	
	
In	terms	of	liveness,	several	recent	studies	explore	artist	intention	and	audience	responses	in	
the	field	of	audio-visual	performance.	The	results	are	analysed	using	concepts	related	to	
liveness	including	understanding,	engagement,	enjoyment	and	transparency	(Bin	et	al	2016;	
Correia	et	al,	2017;	Weisling	et	al,	2018).	Further	work	could	explore	the	relationship	of	
Croft’s	(2007)	and	Sanden’s	(2013)	theories	to	these	concepts	in	order	to	incorporate	them	
in	an	expanded	network	of	liveness.	This	could	lead	to	a	more	nuanced	understanding	of	how	
the	use	of	interactive	systems	for	the	performance	of	popular	music	might	further	bridge	the	
gap	between	art/reflection	and	life/being	(Brown,	1999).	
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8.2. Selected	performances		
	
	
Noisefloor	Festival,	Staffordshire	University	(2011-7)	
Rows,	Columns,	Collisions;	Willow;	Kafka-Esque;	Church	Belles	and	Piece	for	Tape.	
	
MTI	Concert/Seminar	Series,	De	Montfort	University	(2012-7)		
Rows,	Columns,	Collisions;	Willow;	Kafka-Esque;	Church	Belles	and	Piece	for	Tape.	
	
Code	Control	Festival,	Phoenix	Art	Centre,	Leicester	(2013)	
Rows,	Columns,	Collisions.	
	
Sonorities	Festival,	Queen’s	University	(2015-6)		
Kafka-Esque	and	Church	Belles.	
	
International	Festival	for	Artistic	Innovation,	Leeds	(2016)		
Rows,	Columns,	Collisions;	Kafka-Esque	and	Church	Belles.	
	
Sound	and	Music	Computing,	Hamburg	(2016)		
Musebot	version	of	Church	Belles.		
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8.3. Software	and	scores/lyric	sheets	
	
	
The	software	developed	in	this	project	has	been	made	publically	available	on	the	author’s	
website.	Whilst	not	developed	with	other	users	in	mind,	making	software	tools	freely	
available	facilitates	sharing	ideas	with	other	expert	practitioners	and	building	an	audience	for	
both	the	research	findings	and	the	music	produced.	
	
The	following	pages	contain	scores/lyric	sheets	for	the	portfolio	pieces.	These	are	intended	
as	documentation	and	memory	prompts	for	the	author’s	own	use	rather	than	for	other	
musicians	to	learn	and	perform	the	material.		As	well	as	lyrics,	these	documents	include	
performance	instructions	and	guitar	chords.	System	components	are	represented	by	
annotated	system	visuals	or	controller	mappings.	
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